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ABSTRACT 

An investigation was conducted to determine the advisability of 

changing the standards of density and muzzle velocity used in the 

computation of firing tables.    It wr,s found that the introduction of "more 

realistic" values for these parameters does not improve the accuracy of 

the tables sufficiently to warrant their use at the present time. 



r/iWiaWIWWWWWHWW^^ 

TABLE OF CONTENTS 

Page 

ABSTRACT  3 

I.    INTRODUCTION.  7 

II.    BASIC CONSIDERATIONS  7 

A. Weapon/Charge Combinations  7 

B. Firing Tables  7 

C. Parameters  9 

III. PROCEDURES  9 

IV. SUMMARY OF RESULTS  10 

V.     CONCLUSIONS e  11 

DISTRIBUTION LIST  21 

i   M 



I.    INTRODUCTION 

For many years,  the United States has generated cannon artillery 

firing tables with a standard density based on sea level (zero altitude) 

and a standard muzzle velocity equivalent to that which is obtained from 

a new tube.    These standards have often been questioned,  and with good 

reason.    The mean battlefield height is,  of course,  not sea level;  and 

the mean velocity obtained in a field situation is almost alv/ays less 

than that for a new tube.    Therefore,  this study was conducted to deter- 

mine if an improvement in target hits would result from the use of a 

firing table based on "more realistic" standard conditions. 

II.    BASIC CONSIDERATIONS 

A,    Weapon/Charge Combinations 

The weapon/charge combinations considered were: 

Weapon Charges 

I05mmHow. , M108 3,  6,   7 

155mm How. , M109 3,   5,   7,   8 

175mm Gun,  M107 1,  2,   3 

B.    Firing Tables 

For purposes of the investigation, firing tables consisting of stand- 

ard range/elevation relationships and range corrections were computed 

based on both the current and proposed standards listed on the following 
page. 

As a proposed standard for density,  a figure of 95%  of the 1962 

ICAO standard value was chosen.    This represents the mean ballistic 

density of world-wide Honest John Rocket troop firings and implies a 
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Current Standards 

Parameter 

Density (% ICAO) 
Temperature {%  ICAO) 
Range Wind (knots) 
Velocity (m/sec) 

ndard Pei •turba 

100 ± 10 
100 ± 10 

0 ± 50 
± 15 

Weapon 

105mm 

155mm 

175mm 

Charge 

3 
6 
7 

3 
5 
7 
8 

1 
2 
3 

247 
393 
494 

273 
378 
561 
684.3 

510. 5 
704. 1 
914.4 

Proposed Standards 

Parameter 

Density (% ICAO) 
Temperature (% ICAO) 
Range Wind (knots) 
Velocity (m/sec) 

Weapon 

105mm 

1 55mm 

175mm 

Charge 

3 
6 
7 

3 
5 
7 
8 

1 
2 
3 

Standard Perturb 

95 ±    7 
100 ±    5 

0 ± 20 
±    7 

243 
389 
490 

264 
369 
552 
675 

503 
697 
907 
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mean battlefield height of approximately 500 meters.    Estimates obtained 

from wear data for each weapon served as proposed standard velocities. 

Since the magnitude of current perturbations is thought to be extreme 

in most cases,  it should be noted that those used with the proposed 

standards have been decreased for this study. 

C.    Parameters 

Fifty random samples of density,  temperature, velocity and range 

wind were used and are the same as those given in Tables I,  II and III 

of BRL Memorandum Report No.   1978. 

III.    PROCEDURES 

The firing tables computed with current and proposed standards of 

density and velocity were utilized to solve fire problems based on the 50 

sets of random nonstandard conditions set up for each weapon system. 

Problems were solved at five ranges per weapon/charge combination 

with the resultant quadrant elevations serving as inputs to trajectories 

that were then run under identical conditions of weather and materiel. 

The difference between the target and trajectory range was accepted as 

a measure of firing table accuracy.    Subsequently,  these differences 

were analyzed at each range in the following manner: 

1. The mean and standard deviation were computed for the 50 

range differences and are listed in Table I.    Note that in some instances 

less than 50 fire problems could be solved. 

2. A probable error of . 3%  of range was assumed at each target. 

This probable error was then converted to a standard deviation. 

3. The standard deviations found in 1    and 2    were combined. 

4. Using the combined distribution, the percent of rounds 

falling between plus and minus one probable error was determined. 

aiiHiiil-jifM j.^i ^li^i^Wfritr^iiittiirVN.-fmi^'----^^ 
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This percent was also determined for plus and minus two probable errors. 

These values appear in Table II. 

5.    Steps Z through 4 were repeated for a probable error equal 

to . 6%  of range,   and the results tabulated in Table III. 

IV.    SUMMARY OF RESULTS 

The Percent of Rounds Falling Within Plus and Minus 

One Probable Error Two Probable Errors 

for a Probable Error Equal to . 3% of Range 

Current Proposed Current Proposed 
eapon Standards Standards Standards Standards 

105 46.59 48.92 78.65 81. 15 
155 47.48 48.99 79.60 81.22 
175 47.76 48.55 79.83 80.75 

47.28 48.84 79.37 81.06 

for a Probable Error Equal to . 6%  of Range 

105 49.09 49.72 81.33 81.98 

155 49.33 49. 74 81.58 82.00 

175 49.37 49.62 81,61 81.88 

49.26 49.70 81.51 81.96 

NOTE;   If there were no aiming errors inherent in the firing table,   50% 

of the rounds would fall between plus and minus 1 probable error 

and 82. 3% would fall between plus and minus 2 probable errors. 

10 
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V.    CONCLUSIONS 

As shown by this study,  neither the proposed standards of density 

and velocity nor the modified perturbations used in the computation of 

firing tables offer a significant improvement over those currently used. 

Although at nearly all the weapon/charge/range combinations tested,  an 

increase is noted in the percent of rounds falling within the limits of one 

or two probable errors,  there are only a few rounds for which thiö 

increase is meaningful.    In view of the fact that firing tables are con- 

structed to meet world-wide application, the current standard of 100% 

ICAO for density is acceptable.    However,  if tables are ever computed 

for particular areas of the globe,  a more realistic value should be chosen 

for those areas having very high or very low altitudes. 

11 
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